Energy efficient lighting programs have been the most important source of residential energy savings for many utilities in Canada and the United States. The purpose of this paper is to examine the role and impact of various marketing activities on residential electricity savings for lighting. This paper has four main conclusions. First, utility residential lighting programs vary substantially in terms of the marketing mix. Second, for the programs examined, estimated average energy savings were 80.3 GWh per year. Third, an increase in any of the three factors in the marketing mix (DSM program budget, breath of the program product offering, depth of the incentives offered) statistically significantly increases program energy savings. Fourth, the average utility cost of conserved energy was $0.035 per kWh with a low of $0.005 per kWh and a high of $0.218 per kWh.
Introduction
By the mid-1980s, a number of electric utilities in Canada and the United States were offering demand side management (DSM) programs which encouraged their customers to increase energy efficiency and reduce energy consumption. These DSM programs were largely motivated by the regulatory requirements of Public Utility Commissions to put supply side and demand side activities on a similar footing, given evidence from engineering and economics studies that it was sometimes more cost effective to meet incremental needs for additional energy services by changing-out current technologies for more efficient ones than by building new electric system capacity.
For residential electricity customers, lighting programs have been the largest source of energy savings in many jurisdictions. Although utility DSM programs set the stage for energy conservation in Canada and the United States, perhaps the most important single event influencing residential lighting energy efficiency was the launch of the Green Lights Program by the U.S.
Environmental Protection Agency in 1991. As a voluntary partnership between government and the private sector, Green Lights proved to be the catalyst that led to a surge of interest in energy efficiency including enhanced and expanded DSM activity.
A number of studies have evaluated the impacts of residential lighting programs on energy savings (see references [1] - [25] ). To date, most of these savings have come from the promotion of purchase and installation of standard twister or spiral compact fluorescent lamps (CFLs). As a significant degree of market transformation has been achieved with standard CFLs replacing incandescent lamps, a number of utilities and other DSM implementing agencies have started to provide support for the purchase and the installation of specialty CFLs including reflectors, A-lamps, globes and dimmable lamps; for Energy Star lighting fixtures; and for LEDs.
Residential lighting programs have emphasized four main marketing mechanisms. (1) Upstream Buy-Down. Upstream buy-downs involve incentives to manufactures to have the retailers mark down the cost of qualifying energy efficient lights and fixtures at the time of purchase. (2) Downstream Buy-Down. Downstream buy-downs typically involve point-of-sale or mail-in coupons to allow then purchaser to obtain the product at a discounted price. (3) Direct Installation. Direct installation typically involves the direct installation of CFLs at the time of a residential home energy audit. (4) Give Away. Give away typically involves provision of free CFLs at promotional events or through the mail. Direct installation and give away programs were common in the early days of residential lighting programs in order to build customer product awareness and experience, but they are now relatively little used.
As noted above, there is considerable published research on residential energy efficient lighting programs, but there appear to be no published quantitative studies of the impact of marketing variables on energy savings. This study helps fill this gap by: (1) building a database of comparable marketing information for a set of residential energy efficient lighting programs; (2) estimating program savings using suitable engineering algorithms; (3) using appropriate regression modelling to explore the determinants of program energy savings; and (4) estimating cost effectiveness from the utility perspective.
An outline of the study is as follows. Section 2 summarizes the data and preliminary analysis. Section 3 provides the results of the regression modelling and the cost effectiveness analysis. Section 4 discussed these results. And, finally, Section 5 provides conclusions.
Data and Preliminary Analysis

Program Summaries and Energy Savings
Almost all published studies of residential energy efficient lighting programs use some form of the following algorithm to estimate energy savings (ΔkWh). Key parameters in these algorithms are the difference in watts between the base and the efficient technology (∆W), annual hours of use (Hours), the installation rate net of replacements which is often called the in-service rate (Install), the free rider rate (FR), the spillover rate (SO), and the number of rebated measures (No). For first-year energy savings, the basic algorithm is:
An extensive literature review was undertaken to understand the values of these various parameters used in recent studies, calculate energy savings, and collect additional information to inform the econometric modelling. The data bases examined included the Social Science Research Network, the Consortium for Energy Efficiency, the California Measurement Advisory Council (CALMAC), International Energy Program Evaluation Conference Proceedings (IEPEC) and Scopus. Detailed information was found for nineteen residential lighting programs as discussed below. In a number of cases, only some of the parameters were provided directly in the study, but the others could be derived from related information. Since information from these studies was used to build the database for the subsequent analysis, some further details are warranted.
(1) Delta Watts. Delta watts refer to the difference between the wattage of the efficient lighting measure and the wattage of the baseline measure. The delta watts vary from 33.3 watts to 53.3 watts. Recent studies have used a variety of approaches to estimate delta watts including self-report, in-home inspection, multiplier approach, and manufacturer rating approach which uses replacement wattage information on the lamp packaging.
(2) Daily Hours of Use. Daily hours of use refers to the estimated hours of use of the efficient lighting product. The hours of use vary from 1.30 hours per day to 3.20 hours per day. Hours of use is estimated from on-site metered data, with some key considerations for the metering protocols including the type of loggers used, the length of the metering period, additional data collected on site, and maintenance of data integrity.
(3) Installation Rate. The installation rate or in-service rate represents the percentage of incented lighting products which are ultimately installed by the program participant. The installation rates vary from 0.67 to 0.83. Installation rates are affected by a number of factors including whether the customer is responsible for purchase and/or installation, whether products are purchased in multi-packs, the type of lamp and the discounted lamp price.
(4) One -Free Riders + Spill Over. Free riders refer to customers who received an incentive to purchase an energy efficient lamp or fixture, but would have purchased the energy efficient product at the same time without the incentive. Spillover refers to customers who purchased an additional energy efficient lamp or fixture without an incentive, but would not have done so at the same time in the absence of the program.Then, one minus the free rider plus the spill over rate measures program incrementality, and it varies from 0.36 to 1.00. A number of methods have been proposed to estimate free riders and spillover including purchaser self-report surveys, trade ally surveys, quasi-experimental designs with a comparison group, and discrete choice modelling. Table 1 summarizes information for nineteen residential efficient lighting programs. Breadth of the program refers to whether the program is limited to CFLs (CFL) or also includes other energy efficient lighting technologies such as LEDs (Multi). Market level refers to whether the program include downstream incentives which are seen by the lighting purchasers (D), or upstream incentives which are seen by the retailer, distributor or manufacturers (U) or both (D, U). Budget is the program budget for the residential energy efficient lighting program, including allocation of non-program specific overhead. Savings are first-year savings using the algorithm in Equation (1). 
Model and Data Summary
Recent quantitative marketing literature focuses on the impact of the marketing mix, that is, the set of variables which a marketing manager can use to influence a product's sales or its market share. These marketing mix variables are often summarized as the four Ps of marketing: product, price, promotion and place.
Tellis has succinctly defined the marketing mix variables as follows. "Product refers to aspects such as the firm's portfolio of products, their differentiation from competitors, or their superiority to rivals' products in terms of quality. Promotion refers to adverting, detailing, or informative sales promotions such as features and displays. Price refers to the product's list price or any incentive sales promotions such as quantity discounts, temporary price cuts, or deals. Place refers to the delivery of the product measured by variables such as distribution, availability and shelf space." (Tellis [18] , p. 506).
Based on the availability of data and our review of the econometric marketing literature, we estimate the following model of the market for energy efficient lighting where ΔGWh is the estimated first-year savings for the ith utility in gigawatt hours, α is the constant term, Bud is the annual program budget in millions of U.S. dollars, Bre is a dummy variable for the breadth of the program which takes the value zero if the program promotes only CFLs and takes on the value one if the program promotes additional energy efficient lighting, Mar is a dummy variable which takes on the value zero if the program uses only upstream or downstream marketing and takes on the value one if the program uses both upstream and downstream marketing, and ε is an error term.
Based on the findings of our literature review, our hypotheses on these parameters are as follows.
H1: An increase in the program budget increases energy savings (β 1 > 0).
H2: An increase in the breadth of the program increases energy savings (β 2 > 0).
H3: An increase in the depth of the marketing stream used increases energy savings (β 3 > 0). Table 2 summarizes the data used in the regression analysis. The variables in the data set are: (1) program projected savings in GWh per year, (2) program budget in millions of dollars, (3) whether the program offer includes only CFLs or it also includes other advanced lighting products, and (4) whether the marketing mix includes only upstream or downstream incentives or it includes both. Table 3 provides the means of the variables. The basic hypotheses are that the level of savings is positively related to the size of the program budget, to the breadth of the program offer, and to the breadth of the marketing mix. Table 3 shows the partial correlations between the variables in the model. Our interest here is in the partial correlations among the exogenous or forcing variables (budget, breadth, market), because if these correlations are large, it may be difficult to get robust estimates of the impact of individual exogenous variables because of multi-collinearity. Table 4 shows the results of the regression modelling. Standard errors for the regression coefficients and the level of significance for the F-test are shown in parentheses. Two asterisks indicate that the regression coefficient is significant at the 5% level, and three asterisks indicate that the variable is significant at the 1% level. The initial regression analysis suggested the presence of heteroscedasticity in the residuals, which can potentially cause the estimated standard errors of the regression coefficients to be biased. Therefore, the regression models were re-run using White's heteroscedasticity adjusted least squares, which adjusts for heteroscedasticity.
Results
Determinants of Energy Savings
All four of the estimated models have good explanatory power with adjusted R-squared values of 0.72 or better. Model 1 includes only the program budget as the driving variable, and the regression coefficient on budget has the expected positive sign and is statistically significant. Model 2 includes the program budget and the breadth of the offer as the driving variables, and the regression coefficients on budget and breath of the offer have the expected positive signs, and they are both statistically significant. Model 3 includes the program budget and the marketing mix as the driving variables, and the regression coefficients have the expected positive signs, and they are statistically significant. Model 4 includes the program budget, the breadth of the offer and the marketing mix as the driving variables and the regression coefficients have the expected positive signs, although the coefficient on marketing mix is no longer statistically significant. This may be due to the relatively high correlation between of 0.44 between the breadth and market variables. Taken together, these results suggest that: (1) the econometric equations appropriately model the residential lighting DSM market because the coefficients are statistically significant and the equations explain about three-quarters of the variation in the outcome variable; and (2) the null hypotheses that residential lighting savings are related positively to relevant DSM expenditures, program depth breadth and marketing depth are confirmed. 
Utility Cost Effectiveness
In engineering economics, a typical assumption is that economic agents base investment decisions using life cycle costing. Life cycle costing takes into consideration the fact that economic costs and economic benefits may occur at different points in time so that discounting is appropriate. A common measure of DSM program cost effectiveness from the utility perspective is the utility cost of conserved energy as shown in (3), where CCE is the utility cost of conserved energy in dollars per kWh, Cost is the utility cost in millions of dollars, GWh is annual energy savings in GWh, i is the discount rate which is assumed to be 5% based on the utility cost of capital, and n is the length of life of an energy efficient lamp which is assumed to be six years, given typical stated lifetime of 6,000 hours and typical annual use of about 1,000 hours. Table 5 shows estimated utility cost of conserved energy. This varies considerably across utility programs and has an unweighted average of $0.035 per kWh. 
Discussion
The future potential for energy savings claims for residential lighting programs in North America has recently become less certain because of legislation in both Canada and the United States which will require minimum efficiency levels for screw-based lamps. For example, the U.S. Energy Independence and Security Act of 2007 requires that most screw-based lamps become approximately 28% more efficient, in terms of lumens per watt.
This situation threatens the economic viability of some residential DSM programs which have depend heavily on residential lighting savings to support other less cost-effective residential programs such as financial incentives for Energy Star appliances and residential building retrofits. However, the present study suggests that some utilities may be able to maintain cost effective residential lighting programs by: (1) refocusing marketing efforts on emerging technologies such as LED lamps and LED fixtures; and (2) reducing incentive levels while still maintaining program participation levels through combined upstream and downstream marketing efforts.
Conclusion
Residential lighting programs have been the most important source of residential energy savings for many utilities in Canada and the United States. These programs have encouraged residential customers to purchase energy efficient lighting products primarily through upstream incentive programs, which provide financial incentives to firms in the manufacturing and distribution stream, and downstream incentives programs, which provide financial incentives directly to customers. The purpose of this paper is to examine the role and impact of various marketing activities on resdiential electricity savings for lighting. This paper has four main conclusions.
First, utility residential lighting programs vary substantially in terms of the marketing mix. For the nineteen programs for which comprehensive information could be found, average annual budgets were about $7.4, about 58% of program featured other energy efficient lighting products in addition to CFLs, and about 21% of program employed multi-level incentives (both upstream and downstream).
Second, for the programs examined, standard engineering algorithms were used to estimate energy savings. For the nineteen programs examined, average energy savings were 80.3 GWh per year with a standard deviation of 126.8 GWh per year.
Third, appropriate cross-section regression modelling confirmed the effectiveness of the proposed factors in the marketing mix. An increase in any of the three factors in the marketing mix (DSM program budget, breath of the program product offering, depth of the incentives offered) increased program energy savings.
Fourth, cost effectiveness varied substantially across programs, with an average utility cost of conserved energy of $0.035 per kWh.
